Introduction: assessing body composition is important because of the association between excess body fat or obesity and the increased risk for coronary artery disease, diabetes, hyperlipidaemia and hypertension. Methodological differences among indirect body composition techniques are a source of variability that can affect estimations of fat-free mass (FFM) or percent fat, especially for different age groups. Purpose: this study examined the effect of age on the estimation of body composition by three methods based on the two-component model. One hundred and fifty-three men were placed into 5-year age groups from 20-24 to 70-74 years. Body composition was assessed by hydrodensitometry (underwater weighing; UWW),
Introduction
Changes in body composition with age have been well documented, particularly in men. A gain in body weight has been commonly observed after the age of 20 and until the age of 50, which has been attributed primarily to gains in adipose tissue. During ageing, the increase in adipose tissue is distributed in a typical pattern, with a large part of the increase occurring in the central abdominal sites, while subcutaneous fat tends to be lost from the limbs (male android patterning) [1, 2] . There is also an age-related internalization of body fat [3, 4] . Both cross-sectional [5, 6] and longitudinal [7, 8] data suggest that these gains in body weight are followed by a modest decrease after the age of 50 years and have been attributed to a decline in fat-free mass (FFM) rather than a decrease in fat weight.
It is critically important to be able to accurately assess body composition given the health risks associated with male android fat patterning, particularly for coronary artery disease. Three of the four primary risk factors-hypertension, hyperlipidaemia and physical inactivity-have a direct relationship to the secondary risk factors, obesity and diabetes mellitus, all of which interact closely as body fat increases with age. Even if FFM is maintained into old age, fat mass still increases significantly soon after 40 years of age [9] . Also related to body composition assessment is the ability to measure the changing components of the fat-free body for individuals -with acute or chronic illnesses such as protein-energy malnutrition where nutrient intake and energy balance are an important concern [10] .
The most convenient approach to body composition assessment has been to divide the human body into two components, fat and FFM [11] . Commonly used laboratory methods based on this two-component model include densitometry, whole-body potassium counting, anthropometry, and measurement of total body water, bioelectric impedance and x-ray absorptiometry. Generally, hydrodensitometry (underwater weighing; UWW) is the most widely accepted method for assessing body composition. However, this method may pose problems with older populations. These are related to changes in the density of the fat-free body (decreased bone mineral and total water content) and the difficulties frail elderly and physically disabled people may experience in entering the water [11] [12] [13] [14] [15] [16] .
Another method used to estimate body composition, in particular the fat-free body, is total body potassium counting by 40 K spectroscopy (K40). Since the potassium content of the fat-free body has been reported to be quite constant [17] , at 2.66 g/kg FFM for males [18] , body composition can be determined. This method of body composition assessment, however, is not free from error: the adult male potassium content of 2.66 g/kg FFM is too high for boys, girls and adult females and may not even be appropriate for use in elderly men [12] .
A third method frequently used to assess fat and FFM is anthropometry (skinfolds and circumferences). Problems in using only skinfolds to determine body composition include the possible redistribution and internalization of subcutaneous fat associated with ageing, the error associated with being able to identify the correct skinfold locations and the use of a valid equation. Since no one equation is appropriate for both sexes and all age groups, care must be taken in equation selection.
The purpose of this study was to examine how age affects the variability of body composition assessment of percent body fat (% fat) and FFM from three different methods (hydrodensitometry, K40 and anthropometry) in men aged 20-74 years.
Methods

Subjects
The subjects were normal, healthy volunteer men representing the 20-74-year-old age range. There were 11 5-year age span categories: 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69 and 70-74 years. The number of subjects in each age category ranged from 10 to 16 for a total of 153 men. Written informed consent was obtained from each subject and all measures for each subject were collected by the same investigator. All body composition methods were performed on the same day for each subject and then repeated 24-48h later on a subsample of 28 subjects (age range 21-56 years) by the same investigator.
Body composition assessments
Body density was measured by UWW as previously described [9] . The procedures and instrumentation were modified from those suggested by Akers and Buskirk [19] , with residual air volume in the lungs being measured by a closed-circuit oxygen dilution [20] and the volume of the gastrointestinal tract estimated to be 100 ml. Percent fat from body density was then calculated using the Siri equation [21] .
The K40 method relies on the fact that all natural sources of potassium contain a constant proportion of radioactive potassium C*°K). This radiation can be measured by using a whole-body liquid scintillation counter and from this the total amount of body potassium can be determined and used to estimate FFM. Subjects were measured for two consecutive 4-min counting periods and the relationship between K and FFM taken as 2.66g K/kg FFM [18] .
Skinfolds and circumferences were obtained in triplicate according to standard procedures described by Lohman et ai. [22] . The estimation of body composition from anthropometric measures was based on bodi skinfolds and circumferences and was estimated from the equation of Jackson and Pollock where: BD = body density; x t = sum of chest, axilla, triceps, subscapular, abdomen, supra-iliac and thigh skinfolds; x 2 = age; x$ --waist circumference and X4 = forearm circumference. The SFJP equation was chosen since it is based on adult males approximating the age span for this study (18-61 years), it correlated highly with UWW (r = 0.92) and had a low standard error (0.0073) [23]-
Statistical analyses
Data analyses involved the computation of descriptive statistics to describe the physical characteristics of each age group. Within-day and between-day reliabilities for each measure were assessed using two-way analysis of variance (ANOVA) with repeated measures (trial x day), Pearson correlation coefficients (r), dependent Wests, standard errors of the measure (SEM) and coefficients of variation (CV). A two-way ANOVA with repeated measures was used to determine age group and method differences for each dependent variable. Duncan's new multiple range test was used as apostboc test. The interrelationships between the different body composition methods, both within age groups and across age groups, were evaluated with zero-order correlation coefficients. The probability level for statistical significance was set at 0.05.
Results
Physical characteristics
Means and standard deviations for age, body weight and standing height are presented in Table 1 . There were significant differences in body weight (P<0.01) and standing height (P<0.05) between the 11 age groups. Post hoc comparisons indicated that the difference in standing height occurred at age 60; while differences in body weight occurred two groups earlier, at age 50, with the older age groups being generally shorter and heavier. The final age group (70-74 years) was similar in height and weight to the youngest age groups.
Day-to-day reliability
All day-to-day correlation coefficients for each body composition variable were highly significant (P < 0.01) with no significant mean differences (t values) between the two days of testing ( Table 2 ). All measures were highly reproducible with small standard errors (SEM), however CVs, which express the SEM or technical error, relative to the average measure of each variable, were best for the hydrodensitometry variables, then 40 K spectroscopy variables and, finally, the anthropometric variables. The average of both days of testing for each variable was used in further analyses.
Age comparisons within method
The age-related pattern in the body composition variables determined by hydrodensitometry has been reported previously [9] . There were significant (P < 0.01) age group effects in % fat for each body composition method. Using the K40 method, values of % fat for age groups 1-6 were not significantly different, although only groups 1-4 (20-39 years of age) had significantly (P < 0.05) lower % fat means than groups 7-11 (50-74 years of age). Percent fat as calculated by anthropometry was significantly lower in groups 1-3 than groups 5-11. Even although there were age effects for body fat, there were no significant age group effects for FFM when measured with the K40 and SFJP methods. Figure 1 shows the means for % fat assessed by the three body composition methods. Percentage fat estimated by Uww was significantly higher (P < 0.01) than % fat estimated by the other two methods. The discrepancy in % fat between UWW vs K40 and SFJP was 2-3% for the youngest subjects, then increased to 6.5-7.3% for the middle age groups and reached 7.5-9.5% for the oldest age group. K40 and SFJP yielded similar % fat values for each age group. Figure 2 depicts the means for FFM determined by three methods. UWW produced significantly lower (P<0.01) estimates of FFM than K40 and SFJP. Again, there was no significant difference in FFM as determined by K40 and SFJP. FFM estimates by UWW and SFJP were close, within 2 kg, for the youngest age "Significant age effect (/> < 0.01): groups 7-10 were each significantly heavier than the other groups. ""Significant age effect (P < 0.05): groups 9 and 10 were each significantly shorter than the other groups. groups (20-39 years) but a large discrepancy (5.6 kg) occurred at 40 years. The oldest age group, 70-74 years, had the largest difference between methods as FFM from UWW was 7.2 kg lower than FFM determined from anthropometry.
Method comparisons
Based on the entire sample of 153 men across all age groups, the method intercorrelations for % fat were r= 0.71 (P< 0.01) for UWW vs K40, r = 0.83 (P< 0.01) for UWW vs SFJP and r = 0.72 ( P < 0.01) for K40 vs SFJP. For FFM they were r = 0.80 (P < 0.01) for UWW vs K40, r = 0.90 (P < 0.01) for UWW vs SFJP and r = 0.76 (P < 0.01) for K40 vs SFJP. Tables 3 and 4 show the method intercorrelations within each age group for % fat and FFM. 
Discussion
Day-to-day reliability was excellent for each method, with anthropometry having a somewhat greater variability between different days of testing. We previously reported the age-related pattern in the body composition variables determined from UWW [9] . These findings indicated that % body fat tended to increase with advancing age and FFM demonstrated a gradual decline from 64.2 kg (20-24 years) to 52.2 kg (70-74 years).
When comparing the age-related patterns in % fat estimated by the various methods, interesting differences were noted. A significant age-related increase was detected for all three methods but the increases were less when estimated by anthropometry than UWW and K40. The largest change in % fat between the youngest and oldest age groups was 159% for UWW, followed by 10.8% for K40 and 9-4% for SFJP.
The age-related decrease in FFM determined by UWW represents a 19% decline, slightly lower than the 25-30% reduction reported in earlier research [24] . The decrease was less for the other two methods: only 11-13%. The smallest decline in FFM attributed to ageing was determined by anthropometry and may be explained by the centralization of subcutaneous fat or by an increase in internal fat that would not be measured by the skinfold technique [1] [2] [3] [4] . As age increases, subcutaneous fat becomes more centralized (male android patterning) and there is an increase in internal fat. The UWW and K40 methods would be less affected by the shift in body fat patterns. Since FFM is computed from % fat and body weight, this method of body composition assessment would also tend to overestimate FFM in older men. The fact that the SFJP equation is based upon seven skinfold sites, five of which are on the trunk, as well as two circumference measures may help account for an increased fat mass and greater % fat if there was a re-distribution of subcutaneous fat with ageing. In examining the relationships between these body composition methods, the three methods were highly related but the relationships were strongest for the youngest age groups (20-49 years) . This indicates that as age increases, especially after 50 years, greater care needs to be taken when choosing a method to assess body composition. In most cases, young, lean subjects can be assessed by almost any method with good agreement between the methods, but as the percentage Additionally, the physical state of the individual being assessed is a concern. Some methods, such as UWW, may be difficult or impossible with frail elderly subjects or other groups. On the other hand, anthropometry is not always appropriate and equations may not have been developed or validated for the relevant population.
Perhaps one of the most promising methods to be developed in recent years uses dual energy x-ray absorptiometry to assess total and regional body composition. This technique only requires the individual to lie still for about 10 min while the measurement is made. However, although the x-ray exposure is low, the equipment is expensive and often limited to research institutions and hospital settings. Bioelectric impedance is another method that is easy to administer and takes only a moment to complete. The problem with bioelectric impedance is that it is not known what electrical and biological parameters are being assessed and it is likely that these parameters vary from person to person [25] . Body composition can be assessed with this technique in healthy individuals with the same degree of accuracy as with most other methods based on the two-component model (±5%), but all procedures must still be carefully standardi2ed. Small deviations in body position or hydration status, the consumption of food or beverages and changes in air and skin temperatures may all contribute to potential error with this technique [25] .
In conclusion, the highly reliable data obtained from 2 days of testing for each of the different methods suggest that 1 day of testing by experienced personnel would be sufficient. UWW produced the highest % fat and lowest FFM for all the age groups and detected agerelated differences in both % fat and FFM. The discrepancy between UWW and the other methods, K40 and SFJP, became evident in men aged 40 years and older. If anthropometry is the only method available for body composition assessment in ageing men, then an equation that includes a large number of trunk and peripheral skinfold sites would be better than an equation that uses only a limited number of sites. This would help deal with the issue of male android fat patterning, but the problem of fat internalization remains a concern. Also, if one method, based on the two-component model of body composition was to be recommended for use with an older male population, then hydrodensitometry (UWW) would be most appropriate, especially if the subjects were reasonably fit and did not have osteoporosis. Finally, methods such as bioelectric impedance and dual energy x-ray absorptiometry need to be further examined for use with frail elderly people and the many special populations for whom current technology may not be appropriate.
Key points
• Since body fat plays such an integral role in both primary and secondary risk factors for coronary artery disease and related health problems, the assessment of body composition is important.
• For lean, healthy individuals, most techniques provide accurate values, but as individuals age there is more discrepancy between the methods.
• If individuals are known to have normal bone mineral content and are mobile, hydrodensitometry (underwater weighing) may be the best single method.
• If individuals are frail or not mobile, anthropometry can be used as long as its limitations are noted.
• Newer technologies such as bioelectric impedance and dual energy x-ray absorptiometry may prove to be useful for those who cannot be assessed by traditional methods.
